INTRODUCTION

Automated
processing of bioelectric signals with a wide dynamic range presents a common problem in conventional, biomedical instrumentation. During chewing, electromyographic (EMG) signals from the jaw-elevator muscles vary from a few microvolts to millivolts, and gain corrections are required to adjust the analogue signal to the reference range of the A/D converter.
An approximately Gaussian amplitude distribution of the conventional interference pattern electromyogram from surface electrodes was reported by Roesler (1974) . When conventionally-acquired EMG signals are referenced to the code width of the A/D converter, however, peak values in the data stream determine the gain factor; priority may be given to spikes which comprise a minor component of the EMG and small responses may be insufficiently represented.
Logarithmic amplification of EMG signals has been used in control systems for limb prostheses (Wirta, Taylor and Finley, 1978) but not for diagnostic application of a bipolar bioelectric signal.
MATERIALS AND METHODS
System design
Compression
of wide-range analogue data was obtained by means of a buffer amplifier, rectifiers for the positive and negative part of the EMG signal, logarithmic amplifiers and a differential amplifier. As logarithmics may be computed only for positive arguments, separate processing of the positive and negative part of the signal was required. Figure 1 illustrates the connection scheme. The input data were scaled, by means of an isolation amplifier, to the range in which the logarithmic transfer function showed least logarithmic conformity errors. A plot of logarithmic input versus output on semilog paper showed a straight line error f 5 per cent max. R.T.1. (reference to input signal) in the middle three decades of the five decade range tested. The compressed EMG signal was adjusted to the code width of the A/D converter to obtain maximum resolution in the ten bit successive-approximation process. Zero and full-scale calibration was accomplished using the static adjustment procedure. Zero was adjusted with the analogue 
Signal processing
EMG signals were either processed in the conventional (Amplifier Mod. 7P511, Grass Inc., Quincy, MA 02169) or logarithmic mode. Polygraphic plots against time of conventional (linear) and logarithmic EMG, together with the incisal point movement, were generated to compare the two techniques. The analogue continuum was partitioned into a 2"' range (10 bit) at a sampling rate of approx. 1.5 kHz per data channel. Low-pass filtering (-3dB down at 560 Hz) was applied according with the Nyquist criteria for signal sampling, and the frequencies expected in surface-electrode recordings (Palla and Ash, 1981) .
RESULTS AND DISCUSSION
Conventional data acquisition
Appropriate
A/D conversion of conventionallyacquired electromyographic data required a careful determination of the voltage range in which the observation occurred. This procedure, carried out with an analogue storage oscilloscope, was elaborate and time consuming. The presence of a few extreme voltage peaks in the EMG demanded the adjustment of the A/D converter input to these values to avoid the possibility of exceeding the input limits of the A/D converter.
Logarithmic data acquisition
EMG signals obtained during chewing and swallowing could be referenced to three decades of logarithmic amplification.
Thus, the problem of signal saturation at the A/D converter input could be eliminated.
